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This paper is one of a group given at Lehigh University and Lafayette Col- 
lege at Bethlehem and Easton, Pa., on October 22, 1954, at a special program 
of the City Planning Division in conjunction with the Lehigh Valley Section. It 
was designed to bring out the relationship between future commercial applica- 
tions of the use of atomic fuel for developing power and city and regional plan- 
ning. 

The following papers comprise the program: “Elementary Principles of 
Nuclear Power” by John W. Landis, Customer Relations, Atomic Energy Div., 
The Babcock and Wilcox Co., New York, N. Y.,; “Prospects for Use of Nuclear 
Power” by H. W. Huntley, Member, Atomic Power Study, General Electric Co., 
Schenectady, N. Y.; “Impact of Atomic Development on Growth and Planning 
of Urban Regions” by Park H. Martin, M. ASCE, Executive Director, Allegheny 
Conference on Community Development, Pittsburgh, Pa.; “Environmental Con- 
siderations in the Development of the Atomic Energy Industry” by Arthur E. 
Gorman, M. ASCE, Sanitary Engineer, U. 8S. Atomic Energy Commission, 
Washington, D. C.; and “Local Government in the Atomic Age” by Harold A. 
Alderfer, Prof. of Political Science, Penn State Univ., State College, Pa. 

These papers presented, first, the methods by which nuclear energy could 
be converted into power, reviewed the prospects for such power, and then took 
up: the effect that such atomic plants and the power which they would create 
might have on the future planning of metropolitan areas, the ways in which the 
public health might be protected against any harmful wastes, and, finally, the 
revisions in governmental structure that might be desirable as a result of the 
atomic age. 

They pointed out that careful consideration should be given to site selection, 
both in consideration of adjoining developments and to assure safe disposal of 
radioactive wastes. Assurance was given that safe designs are within the 
realm of sound engineering. At the same time, it was pointed out that the po- 
tential new industry presents a challenge not only to engineers but to other 
scientists, private management, and public officials involved. 


3 


PROSPECTS FOR USE OF NUCLEAR POWER 


H. W. Huntley* 


Let us dispose of the title at the outset. The prospects for use of nuclear 
power are good. A poll of the leaders in the field would disclose few, if any, 
dissenters. Most differences of opinion revolve around the question of “when,” 
and not “whether,” nuclear power will take over an appreciable percentage of 
the power generation capability of the United States. Admiral Strauss, Chair- 
man of the Atomic Energy Commission, has stated that the use of the atom as 
a source of energy will bring on a new age of abundance within the lifetime of 
our children. Beyond the predictions and pronouncements of the leaders, the 
fact that there is a growing interest at the grass roots of industry means that 
the talents, ingenuity, and breadth of our industrial economy is being brought 
to bear on the many, many problems. Progress will be accelerated according- 


The purpose of this paper is to translate the fundamentals of nuclear fis- 
sion into an appreciation of the various forms of “hardware” which may be 
used to utilize the energy released by the splitting atom. To do so it is first 
necessary to define the term “nuclear reactor” as it will be used. 

A “nuclear reactor” is any combination of basic materials which will pro- 
duce a continuing and controllable nuclear fission chain reaction. This defini- 
tion gives the designer a tremendous latitude, as you will see. The various 
basic materials have the following functions. 


1) Fissionable material—the fuel. 

2) Fertile material—the “parent” of the fuei. Fertile material is not essen- 
tial to the operation of a reactor. However, when present it permits the 
formation of new nuclear fuel in place in the reactor thus materially pro- 
longing the burning period of the fuel and reducing the fuel cost per unit 
of power produced. It is obvious, therefore, that fertile material will 
be present in an economic power producing reactor, even though not 
strictly essential to its operation. 

3) Control materials—the material which maintains the nuclear reaction 
at an even rate, or permits increases and decreases at the will of the 
operator. 

4) Moderating materials—The neutrons produced by the fissioning atoms 
are traveling at a tremendous speed. In order to utilize them they are 
slowed to a thermal speed in most—but not all—reactors. 

5) Coolant—in order to utilize the heat produced in the reactor, it is neces- 
sary to transport it to the turbine. This is accomplished by using a cir- 
culating fluid or fluids. 

6) Materials of construction—all components must be housed in suitable 

containers and structures. 


* Atomic Power Study, Atomic Products Div., General Electric Co., 
Schenectady, N. Y. (The Atomic Power Study is an industrial study group 
with a formal study agreement with the Atomic Energy Commission.) 
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7) Fission Products—the wastes left when fissionable material has been 
split in two are deleterious to the nuclear reaction because they absorb 
neutrons. They are, of course, intimately mixed with the fuel and fertile 
material. 


A bewildering number of combinations of materials, and forms of these 
materials can be assembled into equipment answering the definition given 
earlier. 

Fissionable materials in a reactor may be Uranium 235, the minor isotope 
found in natural Uranium, or Uranium 233 or Plutonium 239 which are man- 
made isotopes. Fertile materials are Uranium 238 and Thorium 232, both of 
which are quite plentiful according to explorations which have been made to 
date. The form of the fissionable and fertile materials in a reactor can be 
quite varied. Of primary interest is the metallic state, either solid or liquid. 
In either phase, the metals may be pure or alloyed to obtain superior corro- 
sion properties, resistance to thermal or radiation damage, or in the case of 
the liquid phase fuel, to lower the melting point by forming a eutectic mixture. 
Also of interest are compounds of these materials which may have desirable 
properties. For example, oxides of Uranium do not have the phase changes 
which affect the temperature limits of the solid metallic material. A salt of 
the fissionable material having a considerable solubility in water may be used 
to produce a solution which can be pumped through a reactor. It should be 
remembered, however, that the addition of these other elements (alloying ma- 
terials, anions, etc.) for special advantage is not without the resulting disad- 
vantage of absorbing additional neutrons and, in a sense, inhibiting the reactor 
by reducing its neutron economy. . 

Control materials have traditionally been described as neutron absorbing 
elements such as cadmium or boron (usually called “poisons”—the physicist 
says they have a high capture cross section) which are inserted into the re- 
actor to remove neutrons thus inhibiting the reaction sufficiently to arrive at 
steady-state operation. Of course, the form of the “poison” is again subject 
to considerable variation. Rods of metal could be inserted into the center of 
the reactor or a solution of salt pumped through. Beyond the use of poisons 
to control the reaction are other possibilities. Control can be effected by ad- 
justing the amount of fissionable material in the reactor or by varying the 
number of neutrons which are reflected back into the reactor from the con- 
taining structure. 

Moderators are materials low in atomic weight with slight neutron absorb- 
ing characteristics. Of primary interest are Hydrogen, Deuterium, (or “heavy 
hydrogen”), Helium, Beryllium, and Carbon. The form in the reactor varies 
with the materials used but may be solid, liquid, or gaseous. 

A coolant, also, should have a negligible affinity for neutrons. In addition, 
a high heat capacity is desirable along with low viscosity and low pressure at 
the operating temperature. Naturally, it should not corrode the container, 
piping, and other components. Unfortunately, there is no such material known 
to man at the present time. Water and sodium are the most popular compro- 
mise choices although the British will use the gas, carbon dioxide, as a cool- 
ant in their first power producing reactor according to reports. 

Materials of construction for nuclear reactors are limited by the rigorous 
demands brought on by the fact that neutrons can transmute elements. Stel- 
lite, an alloy of cobalt and nickel is a very useful material in industry due to 
its hardness and corrosion-erosion resistance. It is used in valve seats, for 
example. However, cobalt, when placed in a stream of neutrons, readily ab- 
sorbs a large number and a radioactive isotope, cobalt 60, is formed. This 
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new isotope emits extremely powerful gamma rays and, further, has a half 
life of over five years. Build-up of this material in a reactor makes future 
maintenance difficult and time consuming. Special requirements found in 
atomic power plants result in materials of opposite characteristics being 
utilized. The shielding which must surround reactors is usually made up of 
the heaviest materials which can be procured economically. Steel, lead, and 
concrete are the most popular choices. A reflector, used to bounce neutrons 
back into the reactor, on the other hand, is usually made of light material and 
the moderators discussed earlier make fine reflecting materials. 

The fission products which appear in a reactor are an exotic mixture, con- 
sisting of between 30 and 40 different elements with a multitude of different 
isotopic forms. A number are radioactive and emit beta particles and gamma 
rays as they decay at different rates to a final stable state. Some of these 
isotopes are gases, others are liquids, and the remainder are solids at the 
usual temperatures found in reactors. 

Therefore, there is a vast number of variables which must be considered 
in designing nuclear reactors. In addition by judicious choice some materials 
can be made to perform dual functions—water may be the coolant and the 
moderator, for example, and conversely, a combination of materials may give 
special benefits or be required—thus a reactor may be moderated with both 
graphite and water. 

At the present time, no ideal combination of these materials has been 
found. Witness that in May 1954, some of the industrial study teams in the 
country suggested that markedly different combinations of these materials 
would be the approach they would favor in the search for economic atomic 
power. The Atomic Energy Commission’s reactor program will investigate 
five individual methods for harnessing the atom. It might be of interest to 
describe these reactors, insofar as possible, in terms of the above seven 
classes of materials to see how they differ. 

The P. W. R., Pressurized Water Reactor, will utilize Uranium-235 as the 
fuel and Uranium-238 as the fertile material. The exact proportion of each 
is not divulged (although the fuel is slightly enriched) nor is the form of the 
fuel except that the reactor is heterogeneous. Over ten tons is reported re- 
quired for the first loading. The moderating material and coolant are com- 
bined. Ordinary (i.e. non-“heavy”) water is used. The materials of construc- 
tion are specified as stainless steel in the primary coolant loop and stainless 
steel clad carbon steel in the reactor vessel. The coolant, in the liquid state, 
is pumped to four heat exchangers where steam is generated to run the tur- 
bines. Since the reactor is heterogeneous, there is no possibility of removal 
of fission products without removing the fuel. They are, therefore, allowed 
to build up within the fuel. 

The SGR or sodium cooled graphite reactor will utilize U-235 as fuel and 
U-238 as fertile material or U-233 as fuel with Thorium as fertile material 
in a solid fuel element. It, also, is a heterogeneous reactor. The control 
materials and methods are not specified. The moderating material is carbon, 
in the form of graphite enclosed in a metal can and the coolant is liquid metal- 
lic sodium. Heat is transferred from the reactor by pumping the coolant to a 
heat exchanger. A secondary system of the liquid metal alloy NaK is used to 
transfer the heat to a second heat exchanger where water is boiled. This 
secondary system is used in order to prevent, absolutely, the mixing of the 
primary coolant, sodium, which becomes highly radioactive, with the steam 
passing through the turbine. Otherwise the resultant chemical explosion would 
allow escape of the radioactive compound NaOH. The material of construction 
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of the reactor tank is steel. Again, the fission products are entrapped in the 
solid fuel element. 

The BER, boiling experimental reactor, will be analogous to the P. W. R. 
in concept except that the water coolant is not circulated from reactor to heat 
exchanger. Instead, it is allowed to boil within the reactor shell and the steam 
produced is piped directly to the turbine. It is hoped that the turbine will not 
become excessively radioactive to the point where it could not be maintained. 
Calculations at this stage seem to indicate that this is so. Experimental evi- 
dence will be obtained. 

The homogeneous experiment HTR (homogeneous thorium reactor) will 
have a fluid fuel. The fissionable material and fertile material may be com- 
pounds of Uranium-233 and/or Thorium which are soluble in the liquid which 
is the moderator-coolant. An alternate could be to use a slurry instead of a 
true solution. There is little structural material within a homogeneous reac- 
tor since the fuel is merely pumped through a container of proper size and 
shape. However, the container must be resistant to the corrosive properties 
of the fluid fuel. Control can be accomplished by varying the concentration of 
fuel in the moderator-coolant, with auxiliary control if necessary by changing 
the reflection of neutrons back to the reactor or by poison control rods, or 
both. The fission products produced by the nuclear reaction are present in 
the fluid, of course, and this makes possible their removal from the reactor 
without removing the fuel for a long period of time. Thus, it is to be expected 
that the reaction inhibiting products of fission may be kept at a low level in 
this reactor. 

The fast breeder reactor will give information on the operation of a system 
with plutonium as the fuel and Uranium-238 as the fertile material. Both will 
be in a solid state—the reactor is heterogeneous. The control method has not 
been divulged. Since the reactor will operate on fast neutrons, no moderating 
material is required. The coolant will be liquid NaK. The materials of con- 
struction are less of a problem in a fast reactor since most elements have 
less tendency to absorb fast neutrons. This latter fact applies to the fission 
products as well and, in part, is the reason why the reactor has a sufficiently 
high neutron economy to permit the formation of more nuclear fuel than is 
used by the reactor. 

At this point, it is probably appropriate to mention a slight drawback to 
most breeder reactors. They consist of two parts usually, the core and the 
blanket. The fissionable material is placed in the core either pure or with 
some fertile material. The chain reaction takes place in the core, and conse- 
quently, this is where the heat to run the power plant is produced. However, 
it is not where the new fissionable material is produced in any quantity. The 
new fuel is formed in the blanket fertile material which absorbs the neutrons 
which leak from the core. Consequently, the blanket must be processed to 
remove the new fuel and the core must be processed to receive the fuel. Even 
though a net gain in nuclear fuel is made, a lot of processing is necessary. 
And thus there is a search for low cost processing inherent in the development 
of most types of breeder reactors. 

There are a tremendous number of materials involved in nuclear power 
plants and many combinations of these materials which will make possible 
power plants. At this time, no single system has emerged as the most likely 
producer of power in the coming atomic era. It may well be that two types 
may emerge as the answer to the present quest. For example, the breeding 
system mentioned last may be operated to provide the small extra amount of 
fuel required by the non-breeding types mentioned earlier. 
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The economics of nuclear reactors and the atomic power plant which uses 
a reactor as heat source is dependent upon the materials you have just heard 
about and how they are used. Because of the higher cost of the nuclear por- 
tions, the over-all capital cost of these plants is greater than an equivalent 
conventionally fueled and fired plant and therefore the cost of atomic fuels 
must be reduced to a low figure in order for the atomic power plant to com- 
pete with the conventional plant. The breakdown of costs for a typical con- 
ventional plant is approximately: 


Fixed Costs 3.5 mills/KWH 

Operation 0.5 n 

Fuel 3.0 
Total 7.0 mills/KWH 


These and following figures are based on a fixed charge rate of approxi- 
mately 14% and base load operation of the plant at approximately 80% load 
factor. To be competitive with this typical conventional plant, a nuclear plant 
must also produce power for seven mills per kilowatt hour. Since the nuclear 
plant costs more, the breakdown for it must approximate the following to pro- 
duce power at the same cost. 


Fixed Costs 5.0 mills/KWH 

Operation 0.6 " " 

Fuel 1.4 n 
Total 7.0 mills/KWH 


Such power costs have been estimated recently for plants which are esti- 
mated to cost on the order of $225.00 per KW of capability. The fuel cost 
shown is dependent upon the development of a fuel element with sufficient 
strength and stamina to allow placement in the reactor to produce heat for a 
period of three to four years. This is believed to be within the realm of feasi- 
bility in the next ten years. 

An alternate to waiting for this development, (and indeed perhaps a great 
help in speeding the development of this long burn-up fuel), may be found ina 
plant having the same fixed costs but having fuel costs based on dual market 
operation. 


Fixed Costs 5.0 

Operation 0.7 
Fuel 3.0 ° 
Credit -1.7 


Total 


The hypothetical “Credit” shown would be supplied by the sale of military 
grade plutonium which requires a short period of irradiation and can be ac- 
complished by the existing, present day, fuel technology. The credit shown 
balances the higher cost of fuel indicated. The best laboratory for develop- 
ment of the long burn-up fuel required for the single market atomic power 
cost shown earlier would be a reactor operating to produce military grade 
plutonium—especially if the agreement with the Government to purchase this 
premium material were to have a finite time span shorter than the lifetime of 
the power plant. The early construction of plants to operate on a dual market 
basis is closely related to Government policy. 
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7.0 mills/KWH 


A breeder type reactor in a power plant might have a cost breakdown as 
follows: 


Fixed Costs 6.7 mills/KWH 
Operation 0.8 
Fuel 0.0 
Credit -0.5 " 
Total 7.0 mills/KWH 


In this case, the cost of the physical plant is higher than that of the previous 
examples due in part to the processing facilities required to transfer fuel from 
the blanket to the reactor core. The operating cost of the plant is higher for 
the same reason. No new fuel is required since the system produces more 
than is consumed and this excess results in a credit for the sale of fissionable 
material. Many experts expect the development of this form of atomic power 
plant to be a longer range development. 

The above figures are presented to illustrate possible variations in the in- 
dividual costs which make up power costs. Any similarity to reactors operat- 
ing or proposed is purely coincidental. The purpose has been to present in 
monetary form the end results of choosing different materials originally, and 
operating the resulting atomic power plant on various fuel cycles which have 
been proposed. 

Many combinations of the seven types of materials may be used to produce 
energy. Some of these are potentially competitive with conventionally fueled 
plants, and prototypes or pilot plants of some of these plants are being built 
or will be in the near future. The question of how these plants will fit into the 
power industry is a natural one. Since the atomic plant possibilities are so 
varied, it is difficult to generalize. Atomic plants tend to be large in order to 
be economic. It is probable that the first non-experimental plants to be built 
will be installed as part of a large power system which can use a large block 
of power and further can afford to lose this same amount without unduly affect- 
ing service to customers. The first atomic plants will be integrated into 
power systems which have a relatively high fuel cost for existing conventional 
plants although for prestige and experience reasons, other more fortunate sys- 
tems may also acquire atomic power plants. Also, the first atomic plants may 
be a combined effort of several utilities in order to spread the risk. It is sig- 
nificant that this pattern already exists in many of the industrial study teams 
which are working on the problems of atomic power under study agreements 
with the Atomic Energy Commission. Power plants which involve processing 
of fuel continuously or intermittently may have partners from the process in- 
dustries in the venture and again there is a precedent for this in some of the 
study teams. It is doubtful if the adoption of nuclear fuels will cause any 
great change in existing patterns and trends of the industry. The transforma- 
tion will be more evolutionary than revolutionary and atomic plants will not 
supplant coal, oil, gas, or water power. The conventional plants will be oper- 
ated along with their atomic counterparts for many years into the future. 

This is obvious since the power plants built today will be required to produce 
power for the next twenty-five to thirty-five years to recover the investment 
made in them and the power they produce will continue to be required even 
though supplemented by nuclear plants. 

Nuclear reactor hazards constitute an area which has not been explored to 
any great extent in published material to date although it is a subject of basic 
interest to those studying atomic power. Again an exact analysis is not 
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possible at this time due to the large number of materials which can be fabri- 
cated into a workable nuclear reactor and the fact that there is no present 
consensus as to the best combination. It should be realized that an atomic 
power plant cannot detonate like an atomic bomb. On the other hand, such a 
large amount of energy in such a small package could conceivably get out of 
control through a combination of circumstances. This remote possibility 
must be considered by the designer. To date, two methods of minimizing the 
results of a malfunctioning reactor have become accepted. The first method 
involves locating the plant in a remote region with control of the surrounding 
territory maintained to prevent damage to people and property by distance 
alone. The Government uses this method at such sites as Savannah River 
Works, Oak Ridge, and Hanford. An alternate method currently being ex- 
plored is to enclose the reactor and other critical portions of the plant ina 
pressure-tight enclosure which can contain the materials released by an acci- 
dent. The concern shown results from the radioactivity, and resultant toxic 
properties, of the various materials in the reactor. Plutonium, the fissionable 
material present in most reactors, is extremely toxic. Small amounts (mea- 
sured in micrograms) of this material can cause permanent body damage. 
The fission products are the next most hazardous materials found in a nuclear 
reactor due to the intense gamma rays accompanying their decay. The radio- 
activity induced in materials in the reactor can be equally hazardous. The 
coolant is more hazardous than the remaining solid materials of the reactor 
due to its mobility and volatility once released. The choice of reactor materi- 
als can greatly effect the end result in many cases. For example, the water 
used to moderate a reactor can be spread around more easily than the graphite 
used for the same purpose in another reactor. 

Reactor designs which are approved for installation will be as safe as it is 
humanly possible to make them. Experience will show that, properly designed, 
they are as safe to a community as are conventional power plants. a 
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PROCEEDINGS PAPERS 


The technical papers published in the past year are presented below. Technical-division 
sponsorship is indicated by an abbreviation at the end of each Paper Number, the symbols 
referring to: Air Transport (AT), City Planning (CP), Construction (CO), Engineering Mechanics 
(EM), Highway (HW), Hydraulics (HY), Irrigation and Drainage (IR), Power (PO), Sanitary 
Engineering (SA), Soil Mechanics and Foundations (SM), Structural (ST), Surveying and Mapping 
(SU), and Waterways (WW) divisions. For titles and order coupons, refer to the appropriate 
issue of “Civil Engineering” or write for a cumulative price list. 


VOLUME 80 (1954) 


AUGUST: 466(HY), 467(HY), 468(ST), 469(ST), 470(ST), 471(SA), 472(SA), 473(SA), 474(SA), 
475(SM), 476(SM), 477(SM), 478(SM)°, 479(HY)°, 480(ST)°, 481(SA)°, 482(HY), 483(HY). 


SEPTEMBER: 484(ST), 485(ST), 486(ST), 487(CP)°, 488(ST)°, 489(HY), 490(HY), 491(HY)‘, 
492(SA), 493(SA), 494(SA), 495(SA), 496(SA), 497(SA), 498(SA), 499(HW), 500(HW), 501(HW)°, 
503(WW), 504(WwW)°, 505(CO), 506(CO)®, 507(CP), 508(CP), 509(CP), 510(CP), 

CP). 


OCTOBER: 512(SM), 513(SM), 514(SM), 515(SM), 516(SM), 517(PO), 518(SM)°, 519(IR), 520(R), 
521(IR), 522(0R)°, 523(AT)°, 524(SU), 525(SU)°, 526(EM), 527(EM), 528(EM), 529(EM), 
530(EM)°, 531(EM), 532(EM)-, 533(PO). 


NOVEMBER: 534(HY), 535(HY), 536(HY), 537(HY), 538(HY)°, 539(ST), 540(ST), 541(ST), 542(ST), 
543(ST), 544(ST), 545(SA), 546(SA), 547(SA), 548(SM), 549(SM), 550(SM), 551(SM), 552(SA), 
553(SM)°, 554(SA), 555(SA), 556(SA), 557(SA). 


DECEMBER: 558(ST), 559(ST), 560(ST), 561(ST), 562(ST), 563(ST)°, 564(HY), 565(HY), 566(HY), 
567(HY), 568(HY)°, 569(SM), 570(SM), 571(SM), 572(SM)°, 573(SM)°, 574(SU), 575(SU), 576(SU), 
577(SU), 578(HY), 579(ST), 580(SU), 581(SU), 582(Index). 


VOLUME 81 (1955) 


JANUARY: 583(ST), 584(ST), 585(ST), 586(ST), 587(ST), 588(ST), 589(ST)°, 590(SA), 591(SA), 
592(SA), 593(SA), 594(SA), 595(SA)°, 596(HW), 597(HW), 598(HW)°,599(CP), 600(CP), 601(CP), 
602(CP), 603(CP), 604(EM), 605(EM), 606(EM)°, 607(EM). 


FEBRUARY: 608(WW), 609(WW), 610(WW), 611(WW), 612(WW), 613(WW), 614(WW), 615(WwW), 
616(WW), 617(IR), 618(IR), 61901R), 620(1R), 621(1R)°, 622(IR), 623(IR), 624(HY)*, 625(HY), 
626(HY), 627(HY), 628(HY), 629(HY), 630(HY), 631(HY), 632(CO), 633(CO). 


MARCH: 634(PO), 635(PO), 636(PO), 637(PO), 638(PO), 639(PO), 640(PO), 641(PO)*, 642(SA), 
643(SA), 644(8A), 645(SA), 646(SA), 647(SA)°, 648(ST), 649(ST), 650(ST), 651(ST), 652(ST), 
653(ST), 654(ST)°, 655(SA), 656(SM)°, 657(SM)°, 658(SM)°. 


APRIL: 659(ST), 660(ST), 661(ST)°, 662(ST), 663(ST), 664(ST)°, 665(HY)°, 666(HY), 667(HY), 
an 669(HY), 670(EM), 671(EM), 672(EM), 673(EM), 674(EM), 675(EM), 676(EM), 677(EM), 


MAY: 679(ST), 680(ST), 681(ST), 682(ST)°, 683(ST), 684(ST), 685(SA), 686(SA), 687(SA), 688(SA), 
689(SA)°, 690(EM), 691(EM), 692(EM), 693(EM), 694(EM), 695(EM), 696(PO), 697(PO), 698(SA), 
699(PO)©, 700(PO), 701(ST)°. 


JUNE: 702(HW), 703(HW), 704(HW)°, 705(IR), 706(IR), 707(IR), 708(IR), 709(HY)°, 710(CP), 
T11(CP), 712(CP), 713(CP)°, 714(HY), 715(HY), 716(HY), 717(HY), 718(SM)°, 719(HY)°, 
720(AT), 721(AT), 722(SU), 723(WW), 724(WW), 725(WW), 726(WW)°, 727(WW), 728(IR), 
729(IR), 730(SU)°, 731(SU). 


JULY: 732(ST), 733(ST), 734(ST), 735(ST), 736(ST), 737(PO), 738(PO), 739(PO), 740(PO), 
741(PO), 742(PO), 743(HY), 744(HY), 745(HY), 746(HY), 747(HY), 748(HY)°, 749(SA), 750(SA), 
T51(SA), 752(SA)°, 753(SM), 754(SM), 755(SM), 756(SM), 757(SM), 758(CO)°, 759(SM)*, 
760(ww)”. 


AUGUST: 761(BD), 762(ST), 763(ST), 764(ST), 765(ST), 766(CP), 767(CP), 768(CP), 769(CP), 
T10(CP), TT1(EM), 772(EM), 773(SA), 774(EM), 775(EM), 776(EM)°, 777(AT), 778(AT), 
779(SA), 780(SA), 781(SA), 782(SA)©, 783(HW), 784(HW), 785(CP), 786(ST). 


c. Discussion of several papers, grouped by Divisions. 
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